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,QWURGXFWLRQ
$FFRUGLQJ WR WKH3DQRUDPDRI7UDQVSRUW (XURVWDW  WUDQVSRUW LV WKHRQO\ VHFWRU LQ(XURSH IRU
ZKLFKJUHHQKRXVHJDV*+*HPLVVLRQVFRQWLQXHWRLQFUHDVHDWDQDQQXDOUDWHRIa5RDGLVWKHPRVW
VLJQLILFDQWWUDQVSRUWPRGHUHSUHVHQWLQJDSSUR[LPDWHO\RIWRWDOWUDQVSRUWJHQHUDWHG*+*HPLVVLRQV
ZKLFK HTXDOV WR a RI WRWDO*+* HPLVVLRQV LQ (XURSH 7KHUHIRUH ODUJH HIIRUWV DUH FRQFHQWUDWHG WR
UHGXFH*+*HPLVVLRQVSULPDULO\&2IURPURDGWUDQVSRUW,&7WHFKQRORJLHVPD\KDYHDVLJQLILFDQWUROH
WR SOD\ LQ WKLV UHVSHFW DV SDUW RQ DQ LQWHJUDWHG SROLF\ (&  LQYROYLQJ WKH LQWURGXFWLRQ RI IXHO
HIILFLHQWYHKLFOHWHFKQRORJLHVQHZIXHOVDQGLQWHUPRGDOVKLIWV7RQDPHDIHZH[DPSOHVRIURDGWUDIILF
UHODWHG,&7VROXWLRQV WKDWFDQSRWHQWLDOO\KDYHD ODUJH LPSDFWRQHQHUJ\VDYLQJDQG&2UHGXFWLRQRQH
PD\ WKLQNRI HFRGULYHU DVVLVWDQFH V\VWHPV WKDW LQIRUP WKHGULYHU RI HQHUJ\ HIILFLHQW YHKLFOH RSHUDWLRQ
G\QDPLFWUDIILFOLJKWV\QFKURQL]DWLRQWRHQDEOHµJUHHQZDYHV¶HWF
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VRPHWLPHV GLYHUVH )RFXVVLQJ RQ SDVVHQJHU WUDQVSRUW HQHUJ\ FRQVXPSWLRQ DQG &2 HPLVVLRQV IRU D
JLYHQGHPDQGSDVVHQJHUNLORPHWUHVRUSNPZLOOGHSHQGRQWKHYHKLFOHPL[WKHPHDQVSHHGE\ZKLFK
YHKLFOHV RSHUDWH DQG WKHLU VSHHG YDULDWLRQ ,Q DQ XUEDQ QHWZRUN &2 HPLVVLRQV JHQHUDOO\ GURS ZLWK
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x +RZLVWKHDYHUDJHGULYHU¶VEHKDYLRXUDIIHFWHGE\WKHPHDVXUH"
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7KHPDLQ FRQFHSW RI ,&7(PLVVLRQV LV WR GHYHORS DQ LQWHJUDWHGPHWKRGRORJ\ WKDW FDQ EH XVHG WR
TXDQWLI\ WKH LPSDFW RI ,&7 VROXWLRQV RQ URDG WUDQVSRUW &2 HPLVVLRQV 7KHPHWKRGRORJ\ZLOO SURYLGH
DQVZHUV WR WKHSUHYLRXV OLVW RI TXHVWLRQVE\ LQWHJUDWLQJ UHVXOWV IURP WUDIILF DQG HPLVVLRQPRGHOV DW WKH
PLFURVFDOHVLQJOHYHKLFOHGULYLQJVLWXDWLRQ7KHQWKHUHVXOWVZLOOEHH[WUDSRODWHGWRWKHYHKLFOHIOHHWV
VWRFN WRWDO URDG WUDQVSRUW DW D ODUJH XUEDQ DJJORPHUDWLRQ OHYHO XVLQJ D PDFUR WUDIILF DSSURDFK 7KH
VFLHQWLILFDQGWHFKQLFDOREMHFWLYHVRIWKHVSHFLILFUHVHDUFKSURMHFWDUH
7KH GHYHORSPHQW RI D FRPSUHKHQVLYH PHWKRGRORJ\ WR DVVHVV WKH LPSDFWV RI URDG WUDQVSRUW ,&7
PHDVXUHV RQ &2 E\ WDNLQJ LQWR DFFRXQW WKH UHDOZRUOG GULYLQJ DQG WUDIILF EHKDYLRXU LQ XUEDQ
DJJORPHUDWLRQV
7KHGHYHORSPHQWRI YHKLFOH VLPXODWRUV WRFDOFXODWH WKHHQHUJ\DQG&2HPLVVLRQVRI YHKLFOHVZKHQ
RSHUDWLQJLQ,&7UHJLPHVDOVRWDNLQJLQWRDFFRXQWDGYDQFHGYHKLFOHWHFKQRORJLHVVWDUWVWRSK\EULGV
SOXJLQK\EULGVHOHFWULFHWF
7KHVLPXODWLRQRIWKHLPSDFWRIYDULRXV,&7PHDVXUHVE\LPSOHPHQWLQJFRPPHUFLDOWUDIILFPRGHOVDW
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WKH PLFUR DQG PDFUR VFDOHV DQG OLQN WKHP WR YHKLFOH VLPXODWRUV IROORZLQJ WKH PHWKRGRORJ\
GHYHORSHG
7KHYDOLGDWLRQRIWKHPHWKRGRORJ\RQH[LVWLQJUHDOZRUOG,&7DSSOLFDWLRQVLQWKUHHFLWLHV
7KH FDSLWDOLVDWLRQ LQ D GDWDEDVH OLEUDU\ RI WKH LPSDFW RI ,&7 PHDVXUHV RQ WUDIILF HQHUJ\ DQG
HPLVVLRQV
7KH H[SORLWDWLRQRI WKH UHVXOWV YLD UHFRPPHQGDWLRQV DQG LPSOHPHQWDWLRQ JXLGHOLQHV IRU XVHRI EHVW
SUDFWLFHVLQ,&7PHDVXUHVWKDWFDQOHDGWRVLJQLILFDQWHQHUJ\DQG&2UHGXFWLRQVIURPURDGWUDQVSRUW

6XFKDPHWKRGRORJ\FDQEHXVHGE\ WUDQVSRUWSODQQHUV ORFDODXWKRULWLHVDQGDXWRPRWLYH2(0VDQG
VXSSOLHUVEXWDOVRPRUHJHQHUDOO\ WRTXDQWLI\ WKH LPSDFWRI ,&7PHDVXUHVRQHQHUJ\FRQVXPSWLRQDQG
&2HPLVVLRQV7KHPHWKRGRORJ\LVGHYHORSHGDWWZRLQWHUOLQNHGOHYHOVDPLFUROHYHOZKHUHWKHLPSDFW
RI ,&7 PHDVXUHV LV PRGHOOHG DW VLQJOHYHKLFOH OHYHO 7KH PLFUROHYHO LV VSHFLILFDOO\ GHYHORSHG IRU
SDVVHQJHU FDUV 7KHPLFUROHYHO WDNHV LQWR DFFRXQW WKH HIIHFW RI ,&7PHDVXUHV RQ GULYLQJ SDWWHUQ DQG
GULYHUEHKDYLRXU7KLVLVFRPELQHGZLWKDQLQVWDQWDQHRXVHPLVVLRQPRGHOWDNLQJLQWRDFFRXQWWKHHIIHFW
RIGLIIHUHQWYHKLFOH WHFKQRORJLHVVSHFLILFDOO\GHVLJQHG WREHFRXSOHG WR WKHPLFUR WUDIILFPRGHO+HQFH
&2 HPLVVLRQV IURP SDVVHQJHU FDUV DUH FDOFXODWHG RQ WKH PLFUR OHYHO 7KHQ UHVXOWV RI WKLV PLFUR
VLPXODWLRQDUHH[WUDSRODWHGWRWKHPDFUROHYHO LQFOXGLQJDOOURDGWUDQVSRUWPRGHV7RWDO&2HPLVVLRQV
IURPURDGWUDQVSRUWDUHWKHQFDOFXODWHGE\DOOYHKLFOHVXVLQJWUDIILFVLWXDWLRQDQGRUDYHUDJHVSHHGVSHFLILF
HPLVVLRQIDFWRUVIRURWKHUURDGWUDQVSRUWYHKLFOHV
,Q WKLV FRQWH[W WKLV PHWKRGRORJ\ LV H[SHFWHG WR FRPELQH EHQHILWV IURP ERWK PLFUR DQG PDFUR
PRGHOOLQJ7KDWLVLWSURYLGHVDPLFURPRGHOOLQJRISDVVHQJHUFDUVWKHGRPLQDWLQJHQHUJ\FRQVXPHUIRU
SDVVHQJHUWUDQVSRUWDQGWKHSULPHIRFXVRIPRVW,&7PHDVXUHV+RZHYHULWFRPELQHVWKHUHVXOWVRIWKLV
GHWDLOHG PRGHOOLQJ ZLWK PRUH DJJUHJDWHG OHYHO PRGHOOLQJ PDFUR VFDOH WR FDOFXODWH HPLVVLRQV RI DOO
SDVVHQJHUURDGWUDQVSRUWLQRUGHUWRFRPHXSZLWKWKHELJSLFWXUH0RUHLPSRUWDQWO\LWDOORZVWUDQVODWLRQ
RI D ORFDO ,&7PHDVXUH HJ VWUHHW OHYHO RQ&2 HPLVVLRQV RI D ZLGHU DUHD HJ XUEDQ OHYHO ZLWK D
UHSUHVHQWDWLYH OHYHO RI GHWDLO DW ERWK WKH ORFDO DQG WKH ZLGHU OHYHO 7KH FRPELQDWLRQ RI DSSURDFKHV DW
GLIIHUHQW VFDOHVGHFUHDVHVFRPSXWDWLRQ WLPHDQG WKHFRPSOH[LW\RI WKHDSSURDFK7KLVPDNHV LW VXLWDEOH
QRWMXVWIRUXVHE\WKHGHYHORSHUVEXWDOVRE\DZLGHUDXGLHQFHLQFOXGLQJOHVVH[SHULHQFHGDXWKRULWLHVDQG
URDGRSHUDWRUV3DUWLFXODUHPSKDVLVLVJLYHQWRWKHDVVHVVPHQWRI,&7IRUQHZYHKLFOHWHFKQRORJLHVZLWK
LQFUHDVLQJSRSXODULW\LQWKHFRPLQJ\HDUVLHK\EULGHOHFWULFYHKLFOHVHWF
,&76ROXWLRQVWREHFRQVLGHUHG
,&7(PLVVLRQVGRHVQRWDLPWRGHYHORSDQHZFRPSOHWHWUDIILFDQGHPLVVLRQPRGHO,QVWHDGLWDLPVDW
GHYHORSLQJ DQ LQWHJUDWHGPHWKRGRORJ\ DQG WR GHPRQVWUDWH LWV DSSOLFDWLRQ XVLQJ FRPPHUFLDO WUDIILF DQG
HPLVVLRQPRGHOV7KHLQWHQWLRQLVWKDWWKHPHWKRGRORJ\FDQEHXVHGE\VWDNHKROGHUVFLW\DXWKRULWLHVURDG
RSHUDWRUVXVLQJWKHLURZQWRROVDQGQRWIRUFHWKHPWRSXUFKDVH\HWDQHZVXLWHRIFRPPHUFLDOVRIWZDUH
$W WKH VDPH WLPH ,&7(PLVVLRQV ZLOO GHYHORS VRPH QHZ PRGXOHV DQG LQWHUIDFHV WR OLQN WUDIILF DQG
HPLVVLRQPRGHOV7KHVHDUHFRQVLGHUHGDVDQLQWHJUDOSDUWRIWKHPHWKRGRORJ\DQGZLOOEHPDGHDYDLODEOH
IRUIUHH7KHPHWKRGVDQGRSHUDWLRQVZLWKLQWKHVHFRPSRQHQWVZLOOEHGHVFULEHGLQGHWDLOVRWKDWWKH\FDQ
EHDOVRLPSOHPHQWHGLQFRPPHUFLDOVRIWZDUH
,QRUGHUWRGHYHORSDPHWKRGRORJ\WRDVVHVVWKHLPSDFWRIGLIIHUHQW,&7PHDVXUHVRQHQHHGVILUVW WR
LGHQWLI\WKH,&7VROXWLRQVWKDWFDQEHSRVVLEO\LPSOHPHQWHGWRUHGXFH&2HPLVVLRQVIURPWUDQVSRUW,Q
-XO\WKH(XURSHDQ8QLRQDQGWKH-DSDQHVH*RYHUQPHQWHVWDEOLVKHGWKH(&0(7,WDVNIRUFHZLWK
WKHDLPWRDFKLHYHLQWHUQDWLRQDODJUHHPHQWRQUHOLDEOHPHWKRGRORJLHVIRUHYDOXDWLQJWKHHIIHFWLYHQHVVRI
LQWHOOLJHQWWUDQVSRUWV\VWHPV,76LQHQHUJ\VDYLQJDQGWKHUHGXFWLRQRI&2HPLVVLRQV,76DUHGHILQHG
LQ'LUHFWLYH(&DV³DGYDQFHGDSSOLFDWLRQVZKLFKZLWKRXWHPERG\LQJLQWHOOLJHQFHDVVXFKDLPWR
SURYLGH LQQRYDWLYH VHUYLFHV UHODWLQJ WRGLIIHUHQWPRGHVRI WUDQVSRUW DQG WUDIILFPDQDJHPHQWDQGHQDEOH
YDULRXV XVHUV WR EH EHWWHU LQIRUPHG DQG PDNH VDIHU PRUH FRRUGLQDWHG DQG µVPDUWHU¶ XVH RI WUDQVSRUW
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QHWZRUNV´%DVLFDOO\,76WDNHVDGYDQWDJHRI,&7VROXWLRQVWRHQDEOHPRUHHIILFLHQWDQGVDIHUWUDQVSRUW
(&0(7,FDPHXSZLWKDILUVWWHFKQLFDOUHSRUWRQ,76PHDVXUHVZLWKWKHSRWHQWLDOWRUHGXFH&2
LQ)HEUXDU\7KLVUHSRUWFRQFOXGHGZLWKWKHIROORZLQJOLVWRIVROXWLRQV
7UDIILFPDQDJHPHQWDQGFRQWUROV\VWHPVµJUHHQZDYH¶VWUDWHJ\WUDIILFDGDSWLYHXUEDQFRQWUROUDPS
PHWHULQJG\QDPLFVSHHGOLPLWVHWF
'HPDQGDQGDFFHVVPDQDJHPHQWV\VWHPVFRUGRQSULFLQJFDUERQFUHGLWSD\DV\RXGULYHHWF
1DYLJDWLRQ DQG WUDYHO LQIRUPDWLRQ V\VWHPV µJUHHQ¶ HQKDQFHG RQERDUG QDYLJDWLRQ G\QDPLF RQWULS
URXWLQJHWF
'ULYHUEHKDYLRXUFKDQJHDQGHFRGULYLQJSURPRWLRQDQGDVVLVWDQFHRIHQHUJ\HIILFLHQWGULYLQJ
/RJLVWLFVDQGIOHHWPDQDJHPHQWV\VWHPVUHOHYDQWIRUIUHLJKWDOVRSXEOLFWUDQVSRUWSULRULW\V\VWHPV

$UHDVWRPRVWO\DLPDWUHGXFLQJFRQJHVWLRQDQGGHFUHDVLQJWRWDODFWLYLW\E\ZKLFKWRGHFUHDVHWRWDO
&2 $UHD  PRVWO\ DLPV DW WKH GULYHUYHKLFOH UHODWLRQVKLS HQDEOLQJ PRUH HIILFLHQW YHKLFOH XVH DQG
VPRRWKHUGULYLQJ)LQDOO\DUHDPRVWO\WDUJHWVIUHLJKWWUDQVSRUWDQGWKHORJLVWLFVDVVRFLDWHGZLWKLW)RU
SDVVHQJHUWUDQVSRUWRQHFRXOGORRNLQWRIOHHWPDQDJHPHQW IRUEXVHVEXWWKHHIIHFW LVH[SHFWHGUHODWLYHO\
VPDOOGXH WR WKH VPDOO FRQWULEXWLRQRIEXVHV WR WRWDO URDG WUDQVSRUW&2 ,QDGGLWLRQ WR WKHVH ILYHPDLQ
DUHDVWKHUHSRUWLGHQWLILHGWZRPRUHDUHDVZLWKD&2UHGXFWLRQSRWHQWLDOLH
¾6DIHW\V\VWHPVWRDYRLGFRQJHVWLRQGXHWRDFFLGHQWVDQG
¾&RRSHUDWLYHV\VWHPVZKLFKFRPELQHWZRRUPRUHRIWKHDUHDVDERYH

)XUWKHU WR WKLV WKH (XURSHDQ &RPPLVVLRQ IXQGHG WKH VWXG\ ³,PSDFW RI ,QIRUPDWLRQ DQG
&RPPXQLFDWLRQ7HFKQRORJLHVRQ(QHUJ\(IILFLHQF\LQ5RDG7UDQVSRUW´.OXQGHUHWDO7KHVWXG\
DVVHVVHG ,76PHDVXUHVYHKLFOH WHFKQRORJLHVDQGRWKHU VROXWLRQVEDVHGRQ ,&77KHDYDLODEOHPHDVXUHV
ZHUHGLVWLQJXLVKHGLQWRWKUHHFDWHJRULHVLHHFRVROXWLRQVDGYDQFHGGULYHUDVVLVWDQFH$'$DQGWUDIILF
PDQDJHPHQW V\VWHPV ,Q SULQFLSOH WKHVH WKUHH FDWHJRULHV DUH D GLIIHUHQW JURXSLQJ RI VROXWLRQV DOVR
LGHQWLILHG LQ WKH (&0(7, UHSRUW ZLWK WKH LQFOXVLRQ RI VRPH QHZHU DQG PRUH YHKLFOHRULHQWHG ,&7
VROXWLRQVVXFKDV³DFWLYHJDVSHGDO´VWDUWVWRSV\VWHPVW\UHSUHVVXUHLQGLFDWRUHWF
,QDGGLWLRQWRLGHQWLI\LQJWKHGLIIHUHQW,&7VROXWLRQVWKHUHSRUWDOVRPDGHDQLQLWLDOHYDOXDWLRQRIWKH
SRWHQWLDOEHQHILWVRIHDFK ,&7VROXWLRQVDW(8 OHYHO7KHHYDOXDWLRQ WRRN LQWRDFFRXQW WKH LPSDFWRI
HDFK PHDVXUH DW D PLFUR OHYHO EXW DOVR WKH HDVH RI LPSOHPHQWDWLRQ WKH H[SHFWHG SHQHWUDWLRQ RI HDFK
PHDVXUHLQUHDOLW\DVZHOODVULVNIDFWRUVDVVRFLDWHGZLWKLWVLQWURGXFWLRQLHFRPSOLDQFHRIGULYHUVZLWK
WKHPHDVXUHDWDODUJHVFDOH7KLVILUVWVFUHHQLQJLGHQWLILHGWKHIROORZLQJVROXWLRQVRIKLJKHULPSRUWDQFH
LQRUGHURIGHFUHDVLQJ&2UHGXFWLRQSRWHQWLDO
(FRGULYHUFRDFKLQJWKDWLVHFRGULYLQJLQIRUPDWLRQRQWKHYHKLFOHOLQNHGWRPDSLQIRUPDWLRQLQRUGHU
WRWDNHLQWRDFFRXQWXSFRPLQJGULYLQJVLWXDWLRQV
(FRGULYHUDVVLVWDQFHZKLFKLVVLPLODUWRFRDFKLQJEXWZLWKRXWPDSHQKDQFHGSRVVLELOLWLHV
3D\DV\RXGULYHZKLFKGHFUHDVHVGHPDQGDQGVKLIWVSDVVHQJHUVWRSXEOLFWUDQVSRUW
3ODWRRQLQJLHIROORZLQJWKHVSHHGRIWKHFDULQIURQWWRDYRLGXQQHFHVVDU\VSHHGYDULDWLRQ
$GDSWLYHFUXLVHFRQWUROLHNHHSLQJDSUHGHWHUPLQHGFRQVWDQWVSHHGUHJXODWHGIRUWKHVSHHGRIWKHFDU
LQIURQW
'\QDPLFWUDIILFOLJKWV\QFKURQL]DWLRQLHHQDEOLQJDµJUHHQZDYH¶
)XHOHIILFLHQWURXWHFKRLFHLHQDYLJDWLRQV\VWHPVZKLFKRSWLPL]HURXWHRQWKHEDVLVRI&2HPLVVLRQV
DQGIXHOFRQVXPSWLRQ

,W VKRXOGEH UHSHDWHG WKDW WKH UHSRUW RUGHUHG WKHSRWHQWLDO RI ,&7 VROXWLRQV WDNLQJ LQWR DFFRXQW DOVR
WKHLU H[SHFWHG SHQHWUDWLRQ DW (8 VFDOH $W ORFDOUHJLRQDO OHYHO WKH RUGHU FRXOG EH GLIIHUHQW )RU
H[DPSOHWKHVDPHVWXG\UHSRUWVH[DPSOHVZKHUHG\QDPLFWUDIILFVLJQDOOLQJOHGWR&2LPSURYHPHQWVRI
PRUH WKDQ  ZKLOH HFRGULYH FRDFKLQJ LV DVVXPHG WR OHDG WR  &2 UHGXFWLRQ 7KHUHIRUH
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GHSHQGLQJRQWKHSDUWLFXODUDSSOLFDWLRQDQGWKHUDQJHFRQVLGHUHGGLIIHUHQWPHDVXUHVPD\OHDGWRYDULRXV
GHJUHHVRI&2UHGXFWLRQ
'HVSLWH WKH OLPLWDWLRQV RI WKH WZR VWXGLHV WKH\ ERWK RIIHU D YHU\ JRRG RYHUYLHZ RI DYDLODEOH ,&7
PHDVXUHV DQG D JRRG VWDUWLQJ SRLQW RQ ZKLFK WR EDVH WKH DQDO\VLV %RWK VWXGLHV GHPRQVWUDWH WKDW IRU
SDVVHQJHUWUDQVSRUWWUDIILFPDQDJHPHQWV\VWHPVRQERDUGYHKLFOHWHFKQRORJLHVDQGDFRPELQDWLRQRIWKH
WZR FRRSHUDWLYH V\VWHPV GR RIIHU VLJQLILFDQW &2 EHQHILWV 7KH\ DIIHFW WKH GULYLQJ SDWWHUQ RI VLQJOH
YHKLFOHV DQG WKH GULYHU EHKDYLRXU 7KH\ EULQJ D ORFDOL]HG HIIHFW ZKLFK WKHQ JUDGXDOO\ OHDGV WR ODUJHU
FKDQJHRIWUDQVSRUWLQWKHJUHDWHUPHWURSROLWDQDUHD,QSDUWLFXODUQHZDQGXSFRPLQJYHKLFOHWHFKQRORJLHV
RIIHULQWHUHVWLQJLQWHUDFWLRQVZLWK,&7PHDVXUHV
7KHDSSURDFKGHYHORSHGLQWKLVZRUNLVH[SHFWHGWRHQDEOHWKHPRGHOOLQJRI,&7VROXWLRQVDWWKHPLFUR
OHYHODQGSURMHFWWKHLULPSDFWRQWKHPDFUROHYHOLQWHUPVRIWRWDO&2HPLVVLRQV7KHZRUNZLOODGGUHVV
SULPDULO\WKHIROORZLQJ,&7FDWHJRULHV
7UDIILFPDQDJHPHQWDQGFRQWUROV\VWHPV
$FFHVVPDQDJHPHQWV\VWHPV
1DYLJDWLRQDQGWUDYHOLQIRUPDWLRQV\VWHPV
(FRGULYLQJ
$GYDQFHGGULYHUDVVLVWDQFHV\VWHPV
$FFLGHQWDYRLGDQFHSRWHQWLDO WRPRGHO WUDIILFZLWKDQGZLWKRXWDFFLGHQWEXWQRW WRPRGHO LPSDFWRI
VDIHW\V\VWHPVRQDFFLGHQWSUHYHQWLRQ
2EVWDFOHVDQGVKRUWFRPLQJVRQ,&7HYDOXDWLRQ
7KH(&0(7,VWXG\DQGWKHUHSRUWE\.OXQGHUHWDOUHYLHZHGERWKWKHWUDIILFDQGWKHHPLVVLRQ
PRGHOVWKDWFDQEHSRWHQWLDOO\XVHGWRVLPXODWHWKHLPSDFWRI,&7PHDVXUHVRQHQHUJ\HIILFLHQF\DQG&2
HPLVVLRQVIURPWUDQVSRUW6HYHUDOPRGHOVH[LVWERWKIRUWUDIILFDQGHPLVVLRQVLPXODWLRQV7UDIILFPRGHOV
UDQJHIURPPLFURPRGHOVVLQJOHYHKLFOHGULYLQJSDWWHUQWRPDFURPRGHOVYHKLFOHVWRFNPHDQWUDYHOOLQJ
VSHHG (PLVVLRQ PRGHOV UDQJH IURP LQVWDQWDQHRXV PRGHOV WKDW FDQ EH XVHG WR FDOFXODWH HPLVVLRQV RI
VLQJOH YHKLFOHV RQ D VHFRQG E\ VHFRQG EDVLV WR DYHUDJHVSHHG DQG DJJUHJDWHG HPLVVLRQ IDFWRUPRGHOV
XUEDQUXUDOKLJKZD\ZLWKPXFKOHVVUHVROXWLRQ7KHVHPRGHOVKDYHEHHQGHYHORSHGWRIXOILOGLIIHUHQW
QHHGVDQGPD\EHXVHGZLWKYDULRXVGHJUHHVRIVXFFHVVWRVLPXODWH,&7UHODWHGPHDVXUHV
,W LV LPSRUWDQW WR LGHQWLI\ WKH PDLQ VKRUWFRPLQJV RXWOLQHG E\ WKHVH VWXGLHV DV UHJDUGV WKH XVH RI
H[LVWLQJWUDIILFPRGHOVIRU,&7HYDOXDWLRQZKLFKEDVLFDOO\GHILQHVWKHFXUUHQWVWDWHRIWKHDUW
8QFHUWDLQWLHVLQPRGHOOLQJRIGULYHUEHKDYLRXUWRWUDIILFVLJQDOVGULYLQJDGYLFHHWF
7KH GHYHORSPHQW  VLPXODWLRQ RI UHDOLVWLF VSHHGWLPH SURILOHV DW WKH PLFUR OHYHO DOVR WDNLQJ LQWR
DFFRXQWWKDWDGLVWULEXWLRQUDWKHUWKDQDVLQJOHSURILOHDSSHDUVLQUHDOZRUOGFRQGLWLRQV
7KHVHQVLWLYLW\E\ZKLFKPRGHOVFDQDGGUHVVWKHLPSDFWRI,&7PHDVXUHV
([WUDSRODWLRQRIUHVXOWVIURPWKHPLFURWRWKHPDFURVFDOHRULQRWKHUZRUGVWKHLQWHUDFWLRQEHWZHHQ
LQGLYLGXDOYHKLFOHEHKDYLRXUDQGWUDIILFIORZ

:LWKUHJDUGWRHPLVVLRQDQGHQHUJ\FRQVXPSWLRQPRGHOVWKHVWXGLHVLGHQWLILHGWKHIROORZLQJLVVXHV
0RGHOVLQSDUWLFXODULQVWDQWDQHRXVRQHVDUHRIWHQEDVHGRQDOLPLWHGQXPEHURIYHKLFOHVZKLFKPDNHV
UHVXOWVVSHFLILFWRWKHSDUWLFXODUYHKLFOHV
'HSHQGLQJRQWKHLUIRUPXODWLRQHPLVVLRQPRGHOVVHHPWRSHUIRUPEHWWHULQVSHFLILFFRQGLWLRQVDQGDUH
QRWJHQHUDOO\DSSURSULDWHIRUDUDQJHRI,&7VROXWLRQV
/DFN RI D YDOLGDWHG OLQN EHWZHHQ GULYHU EHKDYLRXU DQG HQJLQHYHKLFOH UHVSRQVH ZKLFK ZRXOG EH
UHOHYDQWIRUVHYHUDO,&7PHDVXUHV

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+RZHYHUPRVWLPSRUWDQWO\WKHWZRVWXGLHVLGHQWLILHGWKHODFNRIDFRQVROLGDWHGLQWHUIDFHDSSURSULDWH
VFDOHV DQG SDUDPHWHUV EHWZHHQ WUDIILF DQG HPLVVLRQ PRGHOV WKDW FRXOG EH XVHG WR UHOLDEO\ WUDQVIHU
LQIRUPDWLRQEHWZHHQWKHWZR+HQFH WKHDSSOLFDWLRQRIWKHWZRPRGHOVFDQFXUUHQWO\EHSHUIRUPHGRII
OLQH LH ILUVW WKH WUDIILFPRGHOVLPXODWHV WKHGULYLQJFRQGLWLRQDQG WKLV WKHQKDV WREH LQWURGXFHG LQ WKH
HPLVVLRQPRGHOPDQXDOO\DQGE\XVLQJDVVXPSWLRQVIRUWKHSDUDPHWHUVWKDWDUHQRWFRPPRQLQWKHLQSXW
RXWSXW ILOHV RI WKH WZR PRGHOV ([WHQVLYH OLVWV RI VRPH UHOHYDQW WUDIILF DQG HPLVVLRQ PRGHOV ZKLFK
UHSUHVHQWWKHFXUUHQWVWDWHRIWKHDUWFDQEHIRXQGLQWKH(&0(7,UHSRUWDQGWKHVWXG\RI.OXQGHU
HW DO  6LQFH WKH RYHUDOO DSSURDFK WULHV WR EH YHUVDWLOH DQG QRWPRGHOVSHFLILF WKH GHWDLOV RI WKH
DYDLODEOHPRGHOVDUHRIVHFRQGDU\LPSRUWDQFH
0HWKRGRORJ\GHVFULSWLRQ
7KH ,&7(PLVVLRQV SURMHFWZLOO DWWHPSW WR HVWDEOLVK WKHPLVVLQJ OLQNV EHWZHHQ WUDIILF DQG HPLVVLRQ
PRGHOOLQJDW WKHPLFURDQG WKHPDFUR VFDOH ,WZLOO DOVRGHYHORSDQ LQVWDQWDQHRXVHPLVVLRQPRGHOEHVW
VXLWHGWREHOLQNHGWRWUDIILFPLFURVFDOHPRGHOV,QWKLVFRQWH[WWKHIROORZLQJOLVWRXWOLQHVWKHPDLQSRLQWV
RI,&7(PLVVLRQVZKLFKGHILQHWKHSURJUHVVEH\RQGWKHVWDWHRIWKHDUW
'HYHORSPHQW RI DQ LQWHJUDWHGPHWKRGRORJ\ IRU WKH DVVHVVPHQW RI ,&7 VROXWLRQVRQ HQHUJ\ DQG&2
HPLVVLRQVDGGUHVVLQJWKHIROORZLQJLWHPV
D/LQNRIPLFURDQGPDFURWUDIILFPRGHOVIRUWKHDVVHVVPHQWRI,&7VROXWLRQVLPSDFW
E/LQNLQWHUIDFHVEHWZHHQHPLVVLRQDQGWUDIILFPRGHOVERWKDWWKHPLFURDQGWKHPDFUROHYHOV
F&RQVLGHUDWLRQRIGULYHUEHKDYLRXUWKURXJKFROOHFWLRQRIGDWDIURPGHGLFDWHGPRQLWRULQJFDPSDLJQV
DQGHDUOLHUSURMHFWVDQGGHYHORSPHQWRIFRUUHFWLRQDOJRULWKPV
G,PSURYHPHQW LQ WKH OLQNVEHWZHHQYHKLFOHEHKDYLRXUDQG HQJLQH UHVSRQVH LQSDUWLFXODUPRGHOOLQJ
WKHLPSDFWRIDGYDQFHGGULYHUDVVLVWDQFHV\VWHPV
 3DUDPHWHUL]DWLRQ RI D QXPEHU RI ,&7PHDVXUHV LQFOXGLQJ HFRVROXWLRQV DGYDQFHG GULYHU DVVLVWDQFH
V\VWHPVDQGWUDIILFPDQDJHPHQWV\VWHPVIRUVLPXODWLRQE\WUDIILFDQGHPLVVLRQPRGHOV
&ROOHFWLRQDQGVLPXODWLRQVRIGULYLQJSURILOHVZLWKDQGZLWKRXW,&7LQWHUYHQWLRQV
&ROOHFWLRQRIQHZH[SHULPHQWDOLQIRUPDWLRQWRILOOJDSVDQGRULQFUHDVHWKHVL]HRIWKHYHKLFOHVDPSOH
XVHGIRUWKHGHYHORSPHQWRIHPLVVLRQIDFWRUVLQHPLVVLRQPRGHOV
'HYHORSPHQWRIDYHKLFOHHQJLQHHPLVVLRQVLPXODWRU WREH OLQNHG WRPLFURVFDOHPRGHOV WRFDOFXODWH
WKHLPSDFWRI,&7PHDVXUHVRQHQHUJ\&2HPLVVLRQVLQFOXGLQJQHZYHKLFOHFRQFHSWVK\EULGVUDQJH
H[WHQGHUVDQGHOHFWULFYHKLFOHV
9DOLGDWLRQRIWKHPRGHORXWSXWERWKDWWKHWUDIILFVLPXODWLRQOHYHOEXWDOVRDWWKHHPLVVLRQPRGHOOLQJ
OHYHOE\H[HFXWLQJWZRUHDOZRUOGH[SHULPHQWVRQWKHLPSDFWRI,&7PHDVXUHV
*XLGHOLQHV VXJJHVWLRQV DQG PRGHOOHG UHVXOWV IRU D QXPEHU RI FDVHV WR DVVHVV WKH LPSDFW RI ,&7
PHDVXUHVLQZLWKRXWWKHQHHGIRUGHWDLOHGPRGHOOLQJ
'HPRQVWUDWLRQRIWKHLPSDFWRI,&7PHDVXUHVLQDQXPEHURIFLWLHV
&ROOHFWLRQRIJXLGHOLQHVVXJJHVWLRQVDQGRIDOOPHDVXUHGDQGPRGHOOHGRXWSXWVLQDGDWDEDVHWKDWFDQ
SURYLGHDXVHIXO LQSXW LQFKDUDFWHULVLQJ WKH LPSDFWRIYDULRXV ,&7VROXWLRQVZLWKRXW WKHQHHG WRUXQ
GHWDLOHGPRGHOOLQJFDOFXODWLRQV

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,QRUGHUWRGHPRQVWUDWHKRZWKHVHWDUJHWVFDQEHDFKLHYHG)LJXUHSURYLGHVDSRVVLEOHUHDOLVDWLRQRI
WKH PHWKRGRORJ\ FRQVLGHUHG LQ WKLV SURMHFW $IWHU D EDVHOLQH RU ,&7 VROXWLRQ LV GHFLGHG WKLV LV
SDUDPHWHUL]HG LH WKH URDG W\SH WUDIILFFRQGLWLRQVYHKLFOHPL[ LQIUDVWUXFWXUHGHVFULSWLRQHOHPHQWVDUH
GHILQHGLQWKHSDUDPHWHUL]DWLRQPRGXOH7KHVHDUHQHFHVVDU\DVLQSXWWRWKHPLFURDQGPDFURVLPXODWRUV
$VLPSOLILHGFRPPXQLFDWLRQVLPXODWRULVDOVRHPEHGGHGLQWKLVPRGXOH7KLVLVQRWJRLQJWREHDQDFWXDO
SK\VLFDOPRGHOEXWEDVLFDOO\DQRSWLRQWRGHOD\LQIRUPDWLRQEHWZHHQDQHYHQWDQGWKHWLPLQJDGULYHULV
LQIRUPHG 7KH SDUDPHWHUL]DWLRQ PRGXOH SURYLGHV RXWSXW ERWK IRU WKH PLFUR PRGHOOLQJ SDVVHQJHU FDU
FKDUDFWHULVWLFVDWWKHPLFUROHYHODQGWUDIILFGHQVLW\RIRWKHUYHKLFOHW\SHVDVZHOODVRXWSXWDWWKHPDFUR
OHYHOLHGULYLQJFRQGLWLRQVLQDZLGHUDUHD7KHQWKHPLFURDQGPDFURPRGHOVDUHUXQE\UHVSHFWLQJDQ
LQWHUQDO HTXLOLEULXP EHWZHHQ VSHHGYROXPH SURILOHV FRQVLGHUHG E\ WKH WZR PRGHOV IRU WKH LQWHUIDFH
QHWZRUNOLQNV7KHPLFURPRGHOWKHQGHOLYHUVDVSHHGWLPHSURILOHDQGWKHPDFURPRGHOFDOFXODWHVWUDIILF
IORZVGHQVLW\DQGPHDQVSHHGRYHUWKHZLGHUDUHD7KHRXWSXWRIWKHWZRPRGHOVLVLQWHUQDOO\FRQVLVWHQW
$YHKLFOHFODVVLILFDWLRQPRGXOHWKHQLQWHUYHQHVZKLFKFODVVLILHVYHKLFOHVLQGLIIHUHQWW\SHVDQGHPLVVLRQ
FODVVHV ,QIRUPDWLRQ IRU WKLV PRGHO PD\ FRPH HLWKHU IURP WKH )/((76 GDWDEDVH 1W]LDFKULVWRV HW DO
 RU H[WHUQDO LQSXW E\ WKH XVHU LQ FDVH VXFK LQIRUPDWLRQ LV DYDLODEOH )RU WKH PDFUR FDVH DOO
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LQIRUPDWLRQLVLQWURGXFHGLQDPDFURHPLVVLRQPRGHODQGWRWDO&2HPLVVLRQVDUHFDOFXODWHG
7KHVSHHGWLPHSURILOHIURPWKHPLFURPRGHOLVLQSXWLQDµGULYHUVLPXODWRUPRGXOH¶)LJXUH7KLV
PRGXOH VLPXODWHV WKH GULYHU DQG XVHV HPSLULFDO DOJRULWKPV WR ILOWHU WKH RXWSXW RI WKHPLFURPRGHO LH
UHPRYH MHUN HYHQWV VPRRWKRXW VSHHG WUDQVLWLRQVRI KLJK IUHTXHQF\ UHSODFH FUHHSLQJ VSHHGVZLWK LGOH
HWF$OVRWKHGULYHUVLPXODWRUVKRXOGSUHGLFWJHDUVKLIWLQJEDVHGRQGLIIHUHQWGULYLQJDWWLWXGHHJVPRRWK
QRUPDO DJJUHVVLYH7KLV UHDOLVWLFGULYLQJSURILOHZLOO WKHQEH LQWURGXFHG WR WKH LQVWDQWDQHRXVHPLVVLRQ
PRGHO WR FDOFXODWH GHWDLOHG &2 IRU YDULRXV WHFKQRORJLHV RI SDVVHQJHU FDUV $OO UHVXOWV WRJHWKHU ZLWK
GHVFULSWRUVIRUWKHEDVHOLQHRU,&7VROXWLRQFRQVLGHUHGLWVSDUDPHWHUL]DWLRQWKHGULYLQJSDWWHUQDQGWKH
YHKLFOH PL[ FRQVLGHUHG ZLOO EH LQWURGXFHG LQ D GHGLFDWHG GDWDEDVH WKDW ZLOO EHFRPH DYDLODEOH DV D
GHOLYHUDEOHRIWKHSURMHFW
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)LJ6FKHPDWLFRIWKHRSHUDWLRQRIWKHGULYHUVLPXODWRUPRGXOH

7KHGDVKHGOLQHLQ)LJXUHGHVLJQDWHVWKHLQWHUIDFHWKDWZLOOEHGHOLYHUHGE\WKHPHWKRGRORJ\,QVLGH
WKHDUHDGHILQHGE\WKHGDVKHGOLQHDQ\PLFURDQGPDFURPRGHOVFDQEHXVHGSURYLGHGWKH\UHVSHFWWKH
WUDIILFHTXLOLEULXPFULWHULDLQWKHQHWZRUNOLQNVZKHUHWKHWZRPRGHOVLQWHUIDFH,QRUGHUWRGHPRQVWUDWH
WKHDSSOLFDWLRQRIWKHPHWKRGRORJ\WKHPLFURVFDOH9,66,0DQG$,0681ÁPRGHOVDQGWKHPDFURVFDOH
9,680DQG070RGHO &667ZLOOEHXVHG7KHDUHDRXWVLGH WKHGDVKHG OLQHZLOOFRQVLVWRI
PRGXOHVDQG LQWHUIDFHVHLWKHU IURPWKHSXEOLFGRPDLQRUVSHFLILFDOO\GHVLJQHG LQ WKH IUDPHZRUNRI WKLV
SURMHFW)RUH[DPSOH&(02'.RXVRXOLGRXHWDOFDQEHXVHGDVDSXEOLFGRPDLQLQVWDQWDQHRXV
PRGHOZLWKLQ,&7(PLVVLRQVDQGD&23(571W]LDFKULVWRVHWDORU+%()$W\SHRIDSSURDFK
ZLWK H[WHQVLRQV IURP WKLV SURMHFW FDQ EH XVHG DV D SXEOLF GRPDLQ PDFURVFDOH HPLVVLRQ PRGHO
&58,6(LVDQH[DPSOHRIDFRPPHUFLDOLQVWDQWDQHRXVPRGHOWREHXVHGIRUHPLVVLRQDWWKHPLFURVFDOH
$ VSHFLDO FDVH RI SDUWLFXODU DWWHQWLRQ LV FRRSHUDWLYH VROXWLRQV LH FDVHV ZKHUH WUDIILFPHDVXUHV DUH
FRPELQHGZLWKYHKLFOH WHFKQRORJ\ VXFK DV$'$6 WREULQJ FRPELQHGEHQHILWV ,Q WKLV FDVH D GHWDLOHG
PRGHOOLQJDSSURDFKWDNLQJLQWRDFFRXQWWKHDGYDQFHGFDSDELOLWLHVDWYHKLFOHOHYHOZLOOKDYHWREHWDNHQ
LQWRDFFRXQW6XFKDQDSSOLFDWLRQLVVKRZQLQ)LJ7KH³YHKLFOHPRGHO´LVDVLPXODWRURIWKHDGYDQFHG
YHKLFOHFDSDELOLWLHV6XFKDPRGHOFRQVLVWVRIWKUHHVXEPRGHOV
6HQVRUPRGHO'HSHQGHQWRQWKHUHODWHG$'$6DQXPEHURIVHQVRUVZLOOEHVLPXODWHGSURYLGLQJWKH
LQIRUPDWLRQUHTXLUHGE\WKHYHKLFOHG\QDPLFVPRGHODQGWKH$'$6PRGHOV7KLVLQFOXGHVERWK
R 3URYLVLRQLQJ RI ORFDO VHQVRUV LQIRUPDWLRQ OLNH GLVWDQFH VHQVRUV WUDIILF VLJQ UHFRJQLWLRQ RU VSHHG

KWWSZZZSWYDJFRPVRIWZDUHWUDQVSRUWDWLRQSODQQLQJWUDIILFHQJLQHHULQJVRIWZDUHV\VWHPVROXWLRQVYLVVLP
ÁKWWSZZZDLPVXQFRPVLWH
KWWSZZZSWYDJFRPVRIWZDUHWUDQVSRUWDWLRQSODQQLQJWUDIILFHQJLQHHULQJVRIWZDUHV\VWHPVROXWLRQVYLVXP
KWWSZZZKEHIDQHW
KWWSZZZDYOFRPFUXLVH
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PHDVXUHPHQWEDVHGRQWKHVLPXODWLRQGDWDRIWKHPLFURVLPXODWLRQ
R 3URYLVLRQLQJRI LQIRUPDWLRQ GHOLYHUHGE\ FRPPXQLFDWLRQ V\VWHPV IRU&DU&DU FRPPXQLFDWLRQRU
PRELOHWUDIILFLQIRUPDWLRQVHUYLFHVOLNHSRVLWLRQDQGVSHHGRIVXUURXQGLQJFDUVWUDIILFIORZGDWDRU
WUDIILFVLJQDOWLPLQJGDWD
9HKLFOHG\QDPLFVPRGHO7KLVPRGHO GHWHUPLQHV WKHEHKDYLRXURI WKH VLPXODWHGGULYHUYHKLFOHXQLW
%DVHGRQWKHLQSXWRIWKHVHQVRUPRGHOVDQGWKHHYDOXDWHG$'$6LWGHWHUPLQHVWKHUHOHYDQWG\QDPLF
GULYLQJSDUDPHWHUVIRUWKHPLFURVLPXODWLRQ
$'$6PRGHO(DFK$'$6HYDOXDWHGLQWKLVSURMHFWUHTXLUHVDGHGLFDWHGPRGHOSURYLGLQJWKHUHDFWLRQ
RIWKHGULYHUYHKLFOHXQLWWRWKHFXUUHQWWUDIILFVLWXDWLRQHJDFFHOHUDWLRQGHFHOHUDWLRQ



)LJ([DPSOHRIPLFURPDFURVLPXODWLRQLQWKHFDVHRI$'$6

$ QXPEHU RI SDUDPHWHUV ZLOO KDYH WR EH FRPPXQLFDWHG RQ D VHFRQGE\VHFRQG EDVLV EHWZHHQ WKH
PLFURDQGWKHYHKLFOHPRGHOV7KHPLFURPRGHOZLOOFRPPXQLFDWHWRWKHYHKLFOHPRGHOWKHFXUUHQWVSHHG
RIWKHYHKLFOHVLQWKHPLFURPRGHO WKHLUDFFHOHUDWLRQ WKHLUSRVLWLRQLQUHODWLRQWRWKH$'$6YHKLFOHV
DQGWKHFXUUHQWWDUJHWVSHHGRIWKHGULYHUYHKLFOHXQLWRIWKH$'$6YHKLFOHV7KHPD[LPXPGHFHOHUDWLRQ
DQGDFFHOHUDWLRQ OHYHOVRI WKH$'$6YHKLFOHVZLOOEH WDNHQ LQWRDFFRXQWDVERXQGDU\FRQGLWLRQV7KH
YHKLFOHPRGHOZLOOWKHQFRPPXQLFDWHEDFNWRWKHPLFURPRGHOWKHDGDSWHGWDUJHWVSHHGDQGDFFHOHUDWLRQ
RIWKH$'$6YHKLFOHV7KHYHKLFOHPRGHOFDQEHGHYHORSHGDVSDUWRIWKHSDUDPHWHUL]DWLRQPRGXOH,Q
WKLVFDVHDELGLUHFWLRQDOOLQNZLOOEHUHTXLUHGEHWZHHQWKLVDQGWKHPLFURPRGHOLQ)LJXUH
$'$6V\VWHPVWKDWZLOOUHTXLUHVXFKNLQGRIDSSURDFKLQFOXGH
¾$GDSWLYH&UXLVH&RQWURO$&&RQO\LHRQO\FDUVHQVRULQIRUPDWLRQ
¾5HDOWLPHWUDIILFVLJQDOWLPLQJLQIRUPDWLRQ767,WRGULYHUVDQGUHDFWLRQE\GULYHU
¾ ,QIRUPHG$&&ZLWK767, LH WKH$&&PDNHV XVHRI WKH WUDIILF VLJQDO WLPLQJ LQIRUPDWLRQ WR DGDSW
DXWRPDWLFDOO\WKHWUDYHOVSHHGIRUHFRGULYLQJ
¾ ,QIRUPHG$&&ZLWK&DU&DU FRPPXQLFDWLRQ DQGRU DFFXUDWH WUDIILF IORZ LQIRUPDWLRQ LH WKH$&&
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PDNHVXVHRISRVLWLRQVSHHGDQGDFFHOHUDWLRQGDWDRIVXUURXQGLQJFDUVWRDGDSWDXWRPDWLFDOO\WKHWUDYHO
VSHHGIRUHFRGULYLQJ
¾ ,QIRUPHG$&&ZLWK6SHHG/LPLW,QIRUPDWLRQLHWKH$&&PDNHVXVHRIVSHHGOLPLWDWLRQVWRLPSURYH
WRDGDSWDXWRPDWLFDOO\WKHWUDYHOVSHHGIRUHFRGULYLQJ
6XPPDU\
,&7(PLVVLRQVSURMHFWDLPVDWGHYHORSLQJDQRYHOPHWKRGRORJ\WKDWFDQEHXVHGWRTXDQWLI\WKH&2
HPLVVLRQVRI,&7VROXWLRQVIRUURDGWUDQVSRUW7KHSURSRVHGPHWKRGRORJ\FRPELQHVWUDIILFDQGHPLVVLRQ
PRGHOOLQJDWPLFURDQGPDFURVFDOHV7KHVHZLOOEH OLQNHGZLWKLQWHUIDFHVDQGVXEPRGXOHV WKDWZLOOEH
VSHFLILFDOO\ GHVLJQHG DQG GHYHORSHG 7KH PHWKRGRORJ\ LV GHYHORSHG LQ VXFK D ZD\ DV WR HQDEOH LWV
LPSOHPHQWDWLRQE\DYDULHW\RIHPLVVLRQDQGWUDIILFPRGHOV3DUWLFXODUHPSKDVLVLVJLYHQWRDWKHFRUUHFW
HVWLPDWLRQ RI GULYHU EHKDYLRXU DV D UHVXOW RI WUDIILFUHODWHG ,&7PHDVXUHV E WKH FRYHUDJH RI D ODUJH
QXPEHURIFXUUHQWYHKLFOHWHFKQRORJLHVLQFOXGLQJ,&7V\VWHPVDQGFQHDUIXWXUHWHFKQRORJLHVVXFKDV
K\EULGSOXJLQK\EULGVDQGHOHFWULFYHKLFOHV
7KH LQQRYDWLYHFRPELQDWLRQRI WUDIILFGULYHUDQGHPLVVLRQPRGHOVSURGXFHVDYHUVDWLOH WRROER[ WKDW
FDQ VLPXODWH WKH LPSDFW RQ HQHUJ\ DQG &2 RI LQIUDVWUXFWXUH PHDVXUHV WUDIILF PDQDJHPHQW G\QDPLF
WUDIILF VLJQV HWF GULYHU DVVLVWDQFH V\VWHPV DQG HFRVROXWLRQV VSHHGFUXLVH FRQWURO VWDUWVWRS V\VWHPV
HWFRUDFRPELQDWLRQRIPHDVXUHVFRRSHUDWLYHV\VWHPV7KHPHWKRGRORJ\LVYDOLGDWHGE\DSSOLFDWLRQLQ
WKH7XULQDUHDDQGLWVFDSDFLW\LVIXUWKHUGHPRQVWUDWHGE\DSSOLFDWLRQLQUHDOZRUOGFRQGLWLRQVLQ0DGULG
DQG5RPH7KHPDLQGHOLYHUDEOHVRIWKHSURMHFWZLOOLQFOXGHDDYHKLFOHHQHUJ\HPLVVLRQVLPXODWRUIRU
FRQYHQWLRQDODQGDGYDQFHGSDVVHQJHUFDUVEDSDUDPHWHUL]DWLRQVXEPRGXOHFDGULYHUVLPXODWRUGD
GDWDEDVH ZLWK GULYLQJ VLWXDWLRQV DQG VWUXFWXUH IRU ,&7 LPSDFW HYDOXDWLRQ DQG H DQ ,&7(PLVVLRQV
PHWKRGRORJ\KDQGERRN
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